Cardanol oil, a renewable raw material well known by product of the cashew industry, has been used as the starting material for the synthesis of novel fulleropyrrolidines cardanol based. In this work, cardanol has been used as building block for the preparation of target cardanol based precursors obtained by the way of the convenient transformation of the functional groups (aromatic ring, -OH group or the double bonds of the side chain) of the cardanolic structure. Pure 3-n-pentadecylphenol and its derivatives having homogeneous chemical composition, used as the precursor of any fulleropyrrolidines, have been prepared by hydrogenation of the un-saturated side chain and subsequent alkylation of the aromatic ring of cardanol. The reactivity of olefinic double bond present in the side-chain which can undergo easy transformation i.e. oxirane formation as well as metathesis reactions affording various interesting fulleropyrrolidines is also described.
Introduction
Recycling of renewable organic wastes to produce new fine chemicals is not a new concept. In fact, "from waste to value" is a well know phrase, following the basic idea to synthesize new molecules using secondary materials and by-products from industry.
Cardanol is an industrial grade yellow oil obtained by vacuum distillation of "Cashew Nut Shell Liquid" (CNSL), the international name of the alkyl phenolic oil contained in the spongy mesocarp of the cashew nut shell (Anacardium occidentale L.). 1 CNSL derives from the most diffused roasted mechanical processes of the cashew industry, represents nearly 25% of the total nut weight and its production in the worldwide (Africa, Asia, and South America being the main producer areas) is estimated to be about 300,000 tons per year. As shown as Figure 1 , CNSL is a mixture of anacardic acid, cardanol, and traces of cardol and 2-methylcardol. The alkyl side chain (R) of each of them may be saturated, monolefinic (8) , diolefinic (8, 11) and triolefinic (8, 11, 14) . 1 Due to the decarboxylation of anacardic acid during the distillation process, cardanol results to be the main component of distilled CNSL. Cardanol itself is a mixture of compounds having a variable number of unsaturations in the fifteen carbon atom chains with mainly one double bond per molecule. 1 In the last years, cardanol has become an important building-block used for the construction of an increasing number of new organic molecules. In the last decade functionalisation of C 60 has attracted the interest of scientists for the possibility to obtain new fullerene based hybrid functional materials for technological purposes. [2] [3] [4] [5] [6] [7] [8] [9] [10] On the other hand, fullerenes, which can be considered the older nanomaterials relative of carbon nanotubes, continue to stimulate advances in applied and fundamental science. As well known, fullerenes are excellent electron acceptors and can be chemically modified to improve solubility in organic solvents by the presence appropriate bulking substituents and functional groups. Recently, particular attention has been paid for the preparation of hybrid systems between natural compounds -such as steroids, carbohydrates 11 and flavonols, 12, 13 amino acid
Results and Discussion
Cardanol oil, obtained by vacuum distillation of CNSL, was redistilled twice using a Vigreux column. Three different fractions were separately collected and the second one was used as starting material for the preparation of cardanol precursors for the fulleropyrrolidine derivatives, reported in this work. GC-MS and NMR analyses were carried out in order to determine the composition of the fractions. They confirmed that the mono unsaturated compound, 3-npentadeca-8-enylphenol, 1a, was the main component of the second fraction; with small amounts (< 1%) of saturated, di-and tri-olefinic components (respectively, 3-n-pentadecylphenol, 3-npentadeca-8,11-dienylphenol, and 3-n-pentadeca-8,11,14-trienylphenol). Hydrogenated cardanol 1b (3-n-pentadecylphenol) can be easily obtained as pure compound by hydrogenation of the double bond(s), present in the side-chain, of technical grade distilled cardanol and subsequent distillation and/or crystallization. In this way, several functionalizations of the aromatic ring or hydroxy group (i.e. alkylation) can be performed without undesirable side-reactions ascribable to olefinic moiety. Compound 1b, successively underwent to alkylation reactions, gave the compounds 1c, 1d (Scheme 1). Compounds 1a-1d were used as starting materials for the preparation of the aldehyde precursors 5a-5e which effectively reacted with C 60 to obtain the new fulleropyrrolidines reported in this paper. So that, cardanol derivatives 3a-3d were prepared in almost quantitative yield reacting 1a-1d with 1,2-dibromoethane (2), in the presence of potassium hydroxide at 70 °C. Successively, 3a-3d were converted in good yields (40-60%) into their respective aldheydic derivatives 5a-5d by reaction, under reflux, with 4-hydroxybenzaldehyde (4) in acetone and in the presence of potassium carbonate (Scheme 2). Scheme 2. Synthesis of the aldehyde derivatives 5a-5d from the starting materials cardabolbased 1a-1d.
The olefinic double bond(s) present in the side-chain of cardanol (Scheme 2) seems don't have any influence in the reaction with 1,2-dibromoethane, under the above-mentioned conditions. Also, the-olefinic double bond present in the 8 position of the-chain in 1a, difficult to synthesize by other procedures, kept the natural position in the course of the various transformations. The mono-olefinic derivative 3a was isolated in this way as the main component in form of orange oil and then converted into the corresponding aldheydic derivative 5a in 40% isolated yield. The presence of a double bond on the side chain of cardanolic molecule permitted us also to prepare the corresponding oxirane derivative. In fact, the aldheydic derivative 5a was reacted with m-chloroperbenzoic acid (MCPBA) in dichloromethane at 0 °C producing the mono epoxide 5e in 70% yields as sticky white solid (Scheme 3, path a).
Also, due to the presence of a double bond on the side chain, cardanol, and some of its derivatives, have been recently used as starting materials to perform olefin cross metathesis reactions by using different generation of Grubbs' catalysts. 19 In particular, the Ru-carbene catalyst named C627, which structure is reported in Figure 2 , resulted the most efficient to perform homo-cross-metathesis (HCM) of cardanol based olefins. The homo-cross metathesis reaction of cardanol derivative 5a (Scheme 3, path b), carried out according with previously reported reaction conditions, permitted us to obtain the biscardanol derivative 5f in good yields.
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All the compounds 3a-3d and 5a-5e were characterized by FT-IR, MS, 1 H and 13 C NMR analysis. The spectra were in perfect agreement with the proposed structure. In particular, 1 H NMR spectra of 3a and 5a in CDCl 3 showed the signals corresponding to the double bonds of cardanol side chain (in the range of δ = 5.39 -5.37 ppm) besides the other signals typical of the hydrogenated derivatives 3b-3d and 5b-5d.
1
H NMR spectrum of compound 5e showed the signals corresponding to protons of the epoxy moiety (δ = 2.99-3.01 ppm) and to the protons of the CH 2 -7 and CH 2 -10 (δ = 2.84 and 2.96 ppm respectively); 1 H NMR spectrum showed also the disappearance of the signals corresponding to the double bonds. 13 C NMR spectrum of 5e
showed the signal typical of the oxiranic carbons at δ = 58 ppm. The compounds 5a-5e were used as useful tools for the synthesis of novel fulleropyrrolidine derivatives. Usually, the synthesis of the fulleropyrrolidines has been carried out via condensation of aminoacids (e.g. of N-methylglycine, N-phenylglycine) with aldehyde compounds and C 60 through a typical 1,3-dipolar addition of azomethine ylides generated in situ.
[20] So, as shown in Scheme 4, the synthesis of the fulleropyrrolidines 7a-7i were performed through a cycloaddition to C 60 of the azomethyne ylide resulting from the decarboxylation of N-methylglycine 6a or Nphenylglycine 6b in the presence of the cardanol aldheydidic precursors 5a-5f. In particular, 5a, C 60 and N-methylglycine were allowed to react in refluxing toluene for 24 h. After cooling, the resulting solution was evaporated to dryness and the residue purified by column chromatography (silica, toluene) yielding 7a in 33%. All the products were however purified by column chromatography on silica and characterized by FT-IR, LC/MS, 1 H and 13 C NMR analysis. The 1 H NMR spectra of the compounds 7a-7i were in agreement with the proposed structures and showed typical signals of the pyrrolidine (C 60 )-fullerene system: a singlet for H-2 at δ = 4.92 ppm and the AB system for CH 2 -5, two doublets centered respectively at δ = 4.27 ppm and δ = 5.00 ppm with a geminal coupling J AB = 9.4 Hz. In particular, 1 H NMR spectrum of compound 7g showed the signals corresponding to the proton of the double bound at δ = 5.38 ppm while 1 H NMR spectrum of compound 7h showed the signals corresponding to proton of the CH 2 -6 and CH 2 -9 of the cardanol side chain at δ = 2.84-2.96 ppm respectively. 
Scheme 5. Synthesis of the bis-fulleropyrrolidine 7j by different pathways: path a) starting from the metathesis product 5f; path b) by metathesis reaction of the fulleropyrrolidine 7i.
The signals in the 13 C NMR spectra of the compounds 7a-7i are also in agreement with the proposed structures. The number of signals in the range around 136-159 ppm (136-168 in the case of compound 7h) shows the lack of symmetry typical of asymmetric fulleropyrrolidine system. 13 C NMR spectrum of compound 7h shows also the signals at δ = 58 ppm corresponding to oxiranic carbons. All the analytical and spectral data obtained for 7a-7h were consistent with the compounds. As reported for cardanol-based phthalocyanines and porphyrins, [21, 22] cardanolbased fulleropyrrolidines 7a-7i have shown also relatively low melting points and high solubility in the most common organic solvents ascribable certainly to the presence of the long alkyl chains. It is well known that similar fulleropyrrolidines derivatives without adequate substituents are insoluble in organic solvents. Bis-fulleropyrrolidine 7j was synthesized (Scheme 5) in moderate yields following two different synthetic strategies. In the first one, 7j was synthesized through a cycloaddition of the bis-azomethyne ylide resulting from the decarboxylation of Nmethylglycine 6a in the presence of the cardanol based aldehyde precursors 5f using to C 60 in excess; in the second strategy 7j was instead synthesized through homo-cross metathesis reaction of the fulleropyrrolidine derivative 7i using Grubbs catalyst C627 according with the procedure reported in the experimental section. Unfortunately, the relatively low solubility of 7j, in organic solvent (probably due to the presence of two fullerene groups) do not allowed the 13 C-NMR and LC_MS characterization of 7j.
Conclusions
Novel cardanol-fulleropyrrolidine hybrids have been synthesized starting from cardanol by means of the preparation of ad hoc precursors of cardanol. Cardanol has a phenolic structure substituted in meta position with a long alkyl chain not easily obtainable by synthetic routes. The presence of a double bond in the side chain of cardanol derivatives permitted further transformation (e.g. the introduction of an oxirane functional group or metathesis reactions). Pure 3-n-pentadecylphenol, 1b, and its derivatives of homogeneous chemical composition have been easily prepared by simple hydrogenation of cardanol and subsequent alkylation and transformed without undesirable side-reactions-into the novel precursors able to give fulleropyrrolidines. It is important to remark that the presence of long alkyl chains in fulleropyrrolidine systems improves significantly their solubility in organic solvents.
Experimental Section
General Procedures. All the starting materials were purchased from Aldrich Chemical Co and used as received. Stabilcardo, a distilled technical grade cardanol provided by Oltremare S.P.A. (Bologna, Italy), has been used as a base compound in this study. Silica gel (Merck) was used in the chromatographic separations. Solvents were dried and distilled under an atmosphere of dry nitrogen. Melting points were taken on an electro thermal apparatus. FT-IR spectra were recorded on a JASCO FT-IR 660 Plus spectrometer.
1 H and 13 C NMR spectra were recorded on a
Bruker Avance 400 at room temperature and chemical shifts are reported relative to tetramethylsilane. Mass spectrometry analyses were carried out by using a LC mass spectrometer 1100 Series (Agilent) equipped with an Electrospray (ESI) interface. Elemental analyses (H, C and N) were performed by Euro Vector (HCNS) instrument.
General procedure for the synthesis of compounds 3a-3d
Compounds 1a-1d (13.25 mmol) were heated with stirring at 70°C with 1,2-dibromoethane (2) (15.1 ml, 175.10 mmol). After complete dissolution of 1a-1d, potassium hydroxide (1.15 g, 19.83 mmol) was added to the solution and the mixture was stirred for 6 h. The progress of the reaction was monitored by TLC analysis. The mixture was cooled to room temperature and filtered to remove the colorless solid formed. The filtered solution was purified by chromatography on a silica gel column, eluting with Et 2 O/petroleum ether (3:7) to obtain 3a-d in 70-90% yields. 44 mmol) was dissolved in dichloromethane (20 ml); then m-chloroperbenzoic acid (0.14 g, 0.81 mmol) was added and the mixture was stirred for 3 h at 0°C. The mixture was reported to room temperature and washed with Na 2 CO 3 0.25 M to remove the acid formed. Then the mixture was dried and filtered and the solvent was evaporated under reduced pressure, to obtain 5e in almost quantitative yield. Synthesis of 5f. C627 (15.60 mg, 0.025 mmol) was added under N 2 atmosphere to a solution of 5a (559.7 mg, 1.2 mmol) in 6 mL of dichloromethane, producing a light green solution which were stirred at reflux for 45 h. The mixture was then concentrated in vacuo to a dark brown oil. The crude material was purified by silica gel chromatography (dichloromethane) affords compound 5f as a white solid (183.9 mg, 42%). Representative for the compound 5f. 4,4'-(2,2'-(3,3'-(Hexadec-8-ene-1,16-diyl)bis(3,1-phenylene))bis(oxy)bis(ethane-2,1-diyl))bis(oxy)dibenzaldehyde. 
4-(2-{3-[7-(3-Hexyl-oxiranyl)-heptyl]-phenoxy}-ethoxy)-benzaldehyde

General procedure for the synthesis of compounds 7a-i
Compound 5a-e (0,2 mmol), fullerene [C 60 ] (0.144 g, 0.2 mmol) and N-methylglicine 6a (or Nphenylglicine 6b) (0.2 mmol) were reacted in refluxing toluene (500 ml) under nitrogen atmosphere for 24 h. The mixture was cooled to room temperature and the resulting solution was evaporated to dryness. The crude product was purified by chromatography on a silica gel column, eluting with toluene to obtain compound 7a-h in 28-35 % yield. A similar procedure was accomplished for the synthesis of the compound 7j starting from 5f (0,1 mmol), fullerene 
